Background: Previous studies relating smoking and alcohol drinking with the incidence of dementia have been inconsistent. Objectives: We assessed whether smoking and alcohol drinking was associated with the risk of dementia, including Alzheimer disease (AD) and vascular dementia (VaD) after seven years of follow-up. Design: We prospectively analysed the incidence of dementia from 2004 to 2011 among 2959 elderly men, according to their smoking and alcohol drinking status. Setting: six neighbourhoods from three districts mentioned in Chongqing city. Participants: A total of 3170 men were followed up annually for 7 years. Measurements: Cox proportional hazards models were established to evaluate the association between smoking, alcohol drinking and the risk of dementia. Results: The incidences of AD and VaD were higher respectively in current smoking than never smoking, daily drinking than never drinking over 7 years of follow-up (p<0.01). After adjusting for age and other potential confounders, current smoking was associated with increased risk of AD (HR= 2.14, 95% CI 1.20-4.46) and VaD (HR= 3.28, 95% CI 1.14-4.52), meanwhile, daily drinking was related to increased risk of AD (HR= 2.25, 95% CI 1.43-3.97) and VaD (HR= 3.42, 95% CI 1.18-4.51). In addition, co-smoking and drinking were related to with a significantly higher risk of AD and VaD than non-smoking and drinking (HR= 3.03, 95% CI 1.65-4.19) and VaD (HR= 3.96, 95% CI 1.64-4.71). Moreover, co-smoking and drinking had higher risk of AD and VaD compared with current smoking and daily drinking. Conclusions: Current smoking and daily drinking were found to be significantly associated with dementia in elderly men.
INTRODUCTION
Addiction to smoking and alcohol drinking are serious problems of public health in worldwide, especially in China [1, 2] . Smoking and alcohol drinking are closely related to atherosclerosis, cardiovascular disease, stroke, hypertension, diabetes mellitus, dementia, etc. [3, 4] . In the past 50 years, an estimated 17.7 million deaths might be related to smoking all over the world [5] .
The effects of cigarette consumption and alcohol drinking on dementia among elderly people have been paid attention [6, 7] . The association of smoking and alcohol drinking with dementia risk has shown various results in past study. Some studies finding suggested that smoking was a risk factor of cognitive impairment for AD and VaD [8] . Another three researches hoped that nicotinic stimulation may have promise for improving cognitive [9] . In addition, several results have recently suggested that alcohol drinking in elderly people might impair cognitive function [10, 11] , whereas others did not indicate that alcohol consumption would be harmful to cognition function, and it was not possible to define a specific beneficial level of alcohol drinking [12] .
The study of dementia among elderly people has been taken in some large cities in China [13, 14] . China is a country with a large production and consumption of cigarette and alcohol. It is different from western countries in China that the cigarette and alcohol users are mainly in adult men, rather than in women. In past study, association of smoking and alcohol drinking with risk of dementia in both sexes was discussed together in China. The association was not specially analysed in men, so previous researches could not accurately reflect the effect of smoking and alcohol drinking on dementia. We examined the relationship of smoking, alcohol consumption with dementia, AD and VaD in a large cohort of elderly men.
MATERIALS AND METHODS

Study Population
Chongqing City is the largest city of the southwest region. Chongqing City has a population of 35 million people, and is the most population city in China. We randomly selected six neighbourhoods from three districts mentioned in Chongqing city. The following inclusion criteria were applied: (1) 60 years of age and older. (2) long-term residents of local communities. The exclusion criteria included (1) serious illness, severe hearing or visual impairment precluding a reliable assessment of cognitive function, (2) persistent impairment of consciousness, (3) previous long-lasting mental retardation, (4) no reliable information, (5) a history of severe head trauma or neurosurgery. The present study was approved by the Institutional Review Board of Daping Hospital and all men provided informed consent.
Baseline Screening
In this study, baseline screening was performed between January 1 and June 30, 2004 . Formal questionnaire and neuropsychological tests for all men were completed at the community medical centers. For elderly men who were absent at these center, or who were not able to attend due to physical disabilities, our staff went to their home to perform the questionnaire and tests. Among 4057 examined men, 3728 men were eligible (response rate 92%), while 221 men were not available at the time of screening (n = 106) or declined to participate (n = 115). An additional 337 men were diagnosed with dementia and excluded. The remaining 3170 men without dementia were enrolled at baseline (Fig. 1) .
The following data on formal questionnaire and neuropsychological tests were collected. These procedures were administered by experienced neurologists, psychiatrists and senior nurses. The agreement on data collection was excellent based on the values of 0.92 for baseline screening questionnaire and 0.91 for neuropsychological tests.
The following data were collected at baseline, including age, weight, body mass index (BMI) and educational level and available medical records. Medical records were collected to clinical assessment. The assessment included presence of ischemic heart diseases, stroke, hypertension (systolic/diastolic blood pressure > 140/90 mmHg or being on antihypertensive treatment), diabetes mellitus (fasting blood glucose > 110 mg/dl or being on antidiabetic treatment), hypercholesterolemia (total cholesterol > 200 mg/dl). Measurements of blood pressure and electrocardiogram were performed on-site. In addition, fasting serum samples were collected at baseline and stored at -80°C for measurement of glucose, cholesterol and ApoE. Men with potential diseases that had not previously been diagnosed, were admitted to the Daping Hospital for further investigation and a diagnosis diseases state. The diagnosis of diseases, including ischemic heart diseases, stroke, hypertension, diabetes mellitus and hypercholesterolemia, were based on the International Classification of Diseases, 9th Revision (ICD-9).
Smoking and Alcohol Drinking
Tobacco smokers were classified as past smokers who had ceased smoking for at least 6 months, current smokers, or those who never smoked. Alcohol drinking status was classified as daily drinking, weekly drinking, monthly drinking, and occasional drinking. Non-smoking and drinking was neither smoking nor drinking, only smoking included past smoking and current smoking except drinking, only drinking included weekly drinking and monthly drinking except smoking. Co-smoking and drinking was defined as current smokers and daily drinking. In drinking men of our study, 86.3% men drank distilled spirit, 13.1% men drank beer, and only 0.6% men wine. In fact, 96.5% men drank distilled spirit and beer at the same time, so types of alcohol consumption were not analyzed in this study.
Diagnosis of Dementia
The diagnosis of dementia was described in our previous studies [15] . In brief, diagnosis of dementia was based on criteria modified from the DSM-IV [16] . The subjects with dementia were further subjected to brain CT or MRI. Diagnosis of AD dementia was made according to the criteria of National Institute of Neurological and Communicative Diseases and Stroke/AD and Related Disorders Association [17] . Diagnosis of vascular dementia (VaD) was based on the criteria of the National Institute of Neurological Disorders and Stroke/Association Internationale pour la Recherche et l'Enseignement en Neurosciences (NINDS-AIREN) [18] . The differentiation of AD from VaD is based on the NINDS-AIREN criteria and HIS (HIS 4: AD, 4 HIS 7: mixed dementia (AD plus VaD), HIS 7: VaD [19] . The diagnosis of other dementias, including Parkinson's disease dementia, frontotemporal dementia, Lewy body dementia and Huntington's disease, were based on the Diagnostic and Statistical Manual of Mental Disorders (DSM-IV) [16] .
Follow-up
A total of 3170 men were followed up annually for 7 years from July 2004 to June 2011. These men were interviewed by questionnaire and neuropsychological tests at the community medical centers or our staff went to their home to perform the interview when needed. Cognitive status was reassessed using the same neuropsychological tests as baseline screening. There was no difference in characteristics between dropped out and remained men in the study.
Statistical Analysis
Using univariate analyses, baseline variables between men with and without dementia were compared using the Pearson Chi square test, the Fisher exact test, the t test or the Mann-Whitney U test as deemed appropriate. We assessed the associations (hazard ratio) between smoking or drinking status and the risk of dementia development in the Cox proportional hazards models. The associations were firstly analyzed without adjustment for potential confounders. Then, the associations were further analyzed after adjustment for age BMI, education, ApoE and vascular risk factors. Finally, the statistical analyses were performed using SPSS 18.0 for Windows.
RESULTS
Baseline Characteristics in Men Who Did and Did not Develop Dementia
In the seven years course of the study, 91 (2.9%) men died, 48 (1.5%) declined to further participate, and 72 (2.3%) moved away from the area, leaving 2959 men who completed the follow-up (Fig. 1) . During follow-up, 357 cases of dementia were detected, of which 172 (48.2%) was AD, 156 (43.7%) were VaD and 29 (8.1%) were other dementias. For the men who completed the follow-up, the average age was 67.4±4.7 years. Compared with the men who did not develop dementia, those who did were significantly older, hypertension, diabetes mellitus, ischemic heart disease and stroke were more frequent in men with dementia, AD and VaD (p<0.01). Hypercholesterolemia was more prevalent in men with dementia, AD and VaD (p<0.05). ApoE was significantly more in men with dementia and AD (p<0.01), and VaD (p<0.05) ( Table 1) . Fig. (1) . Flowchart of analysis sample selection. Table 2 showed the association of smoking and alcohol drinking with dementia incidence. Among the three groups of smoking, it was found that the men with current smoking had significantly higher incidence of AD and VaD than those with never smoking (p < 0.01). When the four groups of drinking was analysed, the men with weekly drinking had significantly higher incidence of dementia and VaD than those with occasional drinking (p < 0.05). The association was even stronger when daily drinking was considered, showing a similar trend in dementia, AD and VaD (p < 0.01). While the men with Co-smoking and drinking had significantly higher incidence of dementia, AD and VaD than those with non-smoking and drinking (p < 0.01). Other dementias in our dementia classification included Parkinson's disease dementia 10 cases, frontotemporal dementia 9 cases, Lewy body dementia 7 cases and Huntington's disease 3 cases. The number of other dementia cases was smaller, so the correlation of smoking and alcohol drinking with other dementias was not further researched. Fig. (2) showed dementia incidence over 7 years of follow-up by age and smoking, drinking status. These men were divided into three groups according to age. As follows: 60-to 69-year-old group, the 70-to 79-year-old group and the 80-year-old group. Interestingly, in each age-group, the incidence of Alzheimer's disease per 100 person-years was significantly higher in co-smoking, drinking status than in current smoking and daily drinking (p < 0.01). In each age-group, the incidence of vascular dementia per 100 person-years was significantly higher in cosmoking, drinking status than in current smoking and daily drinking (p < 0.01).
Association of Smoking and Drinking with Dementia
Dementia Incidence by Age and Smoking and Drinking Status
Relationship Between Smoking, Alcohol Drinking and Dementia in Cox Proportional Hazard Regression Model
The relationship between smoking or drinking status and incidence of dementia was shown in (Table 3) . After adjusting for age, BMI, education, ApoE, vascular risk factors, it was noteworthy that current smoking was associated with a significantly higher risk of AD and VaD than never smoking, and daily drinking was associated with a significantly higher risk of AD and VaD than occasional drinking. In addition, co-smoking and drinking were related to with a significantly higher risk of AD and VaD than non-smoking and drinking. Moreover, co-smoking and drinking had higher risk of AD and VaD compared with current smoking and daily drinking.
DISCUSSION
Our study firstly showed that current smoking was associated with a 2.1-fold greater risk of AD and a 3.3-fold greater risk of VaD, and daily drinking was associated with a 2.3-fold greater risk of AD and a 3.4-fold greater risk of VaD, and co-smoking and drinking was also associated with a 3-fold greater risk of AD and a 3.9-fold greater risk of VaD in Chinese elderly men. Moreover, co-smoking and drinking had higher risk of AD and VaD compared with current smoking and daily drinking. Our study indicated the incidence of VaD in China is higher than that in other counties [20] . It could be related to high development of stroke and vascular risk factors in China.
In 2011, a study summarized the potentially modifiable risk factors for AD: smoking, diabetes, midlife hypertension, and so on [21] . Together, up to half of AD cases worldwide and in the USA are potentially attributable to these factors. A 10-25% reduction in all seven risk factors could potentially prevent as many as 1·1-3·0 million AD cases worldwide and 184,000-492,000 cases in the USA.
Some studies revealed the association of smoking and alcohol drinking status with incidence of dementia [22, 23] . Park et al. [24] evaluated cognitive function impairment, smoking and drinking status in 3,174 inhabitants aged 60-64 years in Korea, with a follow-up assessment of cognitive function 7 years later. Current smokers showed a higher risk for developing cognitive function impairment than did never smokers. Nevertheless, for AD, the results examined the association between smoking, alcohol drinking and AD, and suggested that heavy drinking and smoking and ApoE can lower the age of onset for AD in an additive fashion [25] . García et al. [26] performed a case-control study. Risk of AD was unaffected by tobacco smoking, alcohol drinkers also showed a lower risk of AD than never consumers. Fig. (2) . Incidence of dementia per 100 person-years at 7 years end of follow-up by age and smoking, drinking status in men. These men were divided into three groups according to age. A. each age-group, the incidence of Alzheimer's disease per 100 person-years was significantly higher in co-smoking, drinking status than in current smoking and daily drinking (p < 0.01). B. In each age-group, the incidence of vascular dementia per 100 person-years was significantly higher in co-smoking, drinking status than in current smoking and daily drinking (p < 0.01).
Furthermore, excessive smoking and alcohol consumption has a great effect on VaD in our study. For VaD, there is substantial evidence from observational studies that conventional risk factors such as smoking, hypertension, diabetes and dyslipidemia play a role in the development of vascular cognitive impairment [27] . Smoking was associated with an increased rate of progression of vascular brain injury and decline in executive function a decade later [28] . Panza et al. [29] reported that light to moderate alcohol drinking might be associated with a reduced risk of unspecified incident dementia and AD, while for VaD, the current result is only suggestive of a protective effect.
It has been argued that joint effects of alcohol and tobacco use on ADs [30, 31] . In recent study, interaction between tobacco and alcohol consumption with AD was investigated. Unadjusted logistic regression model showed statistical significance for the interaction term between tobacco and alcohol, and this interaction term was also statistically significant in the model including our potentially confounding variables [26] . We assessed the interactions between tobacco and alcohol in large prospective studies, and found the joint effects of alcohol and tobacco use on AD and VaD.
There have been different results about the type of alcohol and risk of dementia. In the previous study, we suggested that a significantly lower risk of dementia existed for lightto-moderate drinkers of wine. A light-to-moderate intake of beer was associated with a significantly higher risk of dementia. Copenhagen study revealed that monthly and weekly intake of wine was significantly associated with a lower risk of dementia [32] . A monthly intake of beer was associated with increased risk of dementia. However, Rotterdam Study did not find the relationship between alcohol and dementia depended on the type of alcoholic beverage [33] .
Gender, drinking patterns, interactions with other lifestyle-related and genetic factors genotyping may be sources of great variability. Previous studies on smoking, drinking and dementia stratified by gender showed contradictory results. A study suggested that frequent alcohol drinking increased the risk of developing cognitive impairment among male subjects (P = 0.044) [24] . Another report from a Japanese rural community revealed that smoking was associated with an increased risk of disabling dementia. A twofold excess risk was found for smoking duration of 45 years. For men, we also found that excessive smoking and drinking were associated with increased risk of dementia [34] . Smoking and alcohol drinking were found to be significantly related to the development of dementia [35, 36] . However, the mechanism by which smoking and alcohol drinking contributes to dementia is unclear. Evidence from neuropathological and clinical studies suggested considerable overlap in risk factors of AD and VaD, and two diseases shared common pathogenic mechanisms. Zhu and others [37] demonstrated that oxidative stress is the earliest pathological changes of the brain in AD patients. Ho et al. [8] investigated the cigarette smoke-induced pathological changes and significantly increased levels of oxidative stress in AD rats. Cigarette impacted amyloid precursor protein (APP) processing by increasing the production of APP and accumulation of -amyloid peptide.
Ritchie et al. [38] suggested the hypothesis that a genetic score for alcohol processing capacity moderates the association between alcohol consumption and lifetime change in cognitive ability. A significant gene alcohol consumption interaction on lifetime cognitive change was found (p = 0.007). The effect of alcohol drinking on cognitive change may thus depend on genetic differences in the ability to metabolize alcohol.
The associated of apoE with risk of AD have been defined through in the study, APOE plays a critical role in transporting cholesterol in AD [39] . The effects of apoE isoforms on AD have been confirmed in humans, animal models and cellular studies. This evidence revealed the 4 allele of the APOE gene is a stronger genetic risk factor for AD than the more common 3 allele, whereas the presence of the 2 allele is protective [40, 41] . The 4 allele of the APOE gene not only dose dependently increases the risk for AD but also lowers the age of onset. ApoE4 contributes to the pathogenesis of AD by both loss-of-function in neuroprotection and gain-of-function in neurotoxicity compared to apoE3 [40, 42] . Whether apoE4 confers a risk for the development of VaD has been intensive investigation with conflicting conclusions. The results revealed a positive association between harboring the APOE4 allele and increased risk for VaD [43] [44] [45] . However, another studies found that APOE4 allele does not confer risk for VaD [46, 47] .
In recent reports, alleles for alcohol dehydrogenase (ADH) and aldehyde dehydrogenases (ALDH) had been implicated in the risk of AD. Lewis et al. [48] used a set of four SNPs in ADH three genes (ADH1A, ADH1B, and ADH7) to examine the effect of maternal consumption of alcohol on offspring cognition. The total number of rare alleles on this SNP set interacted significantly with alcohol drinking. Moreover, ALDH not only transform aldehydes to acids but also act as antioxidant enzymes. This study found that the mitochondrial ALDH activity was significantly in-creased in the putamen of patients with AD compared to controls [49] . In addition, a Mendelian randomization study carried out in southern Chinese men, in which alcohol drinking is low to moderate and is influenced by genotype, offers an alternative and superior approach for clarifying the causal effect of moderate alcohol drinking on cognitive function [50] . ALHD2 genotype was strongly associated with alcohol consumption.
Lahiri DK et al. [51] proposed the LEARn (Latent Early-life Associated Regulation) model for AD. LEARn-AD might be a "two-hit" disorder, wherein the first hit might occur due to environmental stress within the regulatory sequences of AD-associated genes. This hit might come in early childhood. The second hit could consist of further stress, such as poor mid-life diet, or changes in expression of genes that occur later in life independent of any pathogenesis. Further, the LEARn model operates through the regulatory region of the gene, specifically through changes in methylation and oxidation within the promoter of specific genes [52] . The LEARn model combines genetic and environmental risk factors in an epigenetic pathway to explain the etiology of the most common forms of neurobiological disorders. Additionally, this study suggested that the LEARn model might explain the etiology of AD and other neuropsychiatric disorders [53] . The model provides us with a novel direction for identifying potentially harmful agents that may induce neurodegeneration and provides hope that we may be able to prevent agerelated neurodegenerative disease by "detoxifying" our environment [54] .
There were several limitations in the present study. First, the association between different types of alcohol beverage and dementia was not observed in this study. Some results pointed to a protective effect of alcohol drinking, mostly associated to wine consumption [55, 56] . Second, vascular contributions to cognitive impairment and dementia are important. Carotid artery stenosis, carotid intimal-medial thick and bilateral present carotid plaques were not assessed in this study, which might be associated with AD and VaD [57] . Third, another limitation is that measurements of confounding factors, including smoking and alcohol consumption status, were based on self-report.
In conclusion, the present study revealed that heavy smoking and drinking were related to the incidence of both AD and VaD, and a higher risk of dementia in men. Thus, these findings might suggest that to control smoking and drinking could be of importance for decreasing dementia incidence.
